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VOLATILITY  OF  MARITIME  AEROSOL  OVER  THE  PERIOD  10-11  MARCH  1988 


) 

Volatility  measurements  of  ambient  aerosol  particles  were  made  nearly 
continuously  at  Ilace  Head  Field  Station  over  the  period  10  -  11  March  1988. 
A  50  minute  temperature  cycle  was  used  throughout.  The  air  containing  the 
particles  was  drawn  through  the  fused  quartz  tube  heated  to  a  temperature 
of  400°C  in  about  6  minutes,  then  allowed  to  cool  for  about  44  minutes  to  a 
temperature  close  to  ambient  and  the  cycle  repeated.  A  fraction  of  the 
particles  evaporate  and  the  remainder  and/or  particle  residues  then  pass 
through  a  short  section  of  unheated  tubing  into  a  light  scattering  aerosol 
counter  (a  Particle  Measuring  Systems  Model  ASASP-X)  where  their  size  and 
number  concentration  are  measured  as  a  function  of  temperature.  The  size 
calibration  of  Particle  Measuring  Systems  ASASP-X  light  scattering  counter 
is  given  in  Table  4. 


Table  4.  Size  calibration  of  Particle  Measuring  Systems  ASASP-X  light 
scattering  counter. 

Range  3  Range  2  Range  1  Range  0 

Particle  diameter 

intervals  (um)  0.09  -  0.20  0.15  -  0.30  0.24  -  0.84  0.6  -  3.0 


An  example  of  Eastern  Atlantic  aerosol  volatility  data  taken  at  Mace  Head 
showing  aerosol  temperature  and  aerosol  concentration  for  range  3  of  the 
ASASP-X  versus  (local)  time  Is  shown  in  Fig.5.  The  measurements  represent 
averages  over  fairly  short  time  periods  (20  s).  The  modulation  of 
particle  concentration  induced  by  heating  the  aerosol  over  50-minute  cycles 
Is  evident. 

The  volatility  data  for  the  four  particle  size  ranges  (see  Table  4)  is 
shown  for  the  same  period  In  Fig.  6.  The  submicron  particle  concentrations 
are  reduced  by  heating  showing  the  volatile  nature  of  maritime  aerosols. 

On  the  other  hand  the  supermicron  particles  (range  0)  appear  to  be 
unaffected  by  heating. 

A  similar  plot  as  for  Fig.  6  is  shown  in  Fig.  7  for  the  earlier  time 
period  from  1745  to  2115  local  time.  It  can  be  seen  that  the  particle 
concentration  Is  almost  identical  for  particle  ranges  2  and  3.  It  is 
also  evident  that  the  application  of  the  Itigh  temperature  causes  a  greater 
depletion  in  number  concentration  than  in  the  later  time  period. 

This  data  is  replotted  showing  temperature  dependence  of  maritime 
aerosol  concentration  in  Fig £  for  five  temperature  cycles  for  the  later 
time  period  for  particle  counter  ranges  3  to  0o  The  field  data  is  averaged 
hiyer  the  entire  250  minute  period  comprising  the  five  temperature  cycles  so 
taftt  only  a  single  fractionation  curve  results  for  each  particle  size 
range.  —The  resulting  average  fractionation  curves  for  submicron  particles 
compare  favourably  with  laboratory  data  for  ammonium  sulphate  (and  ammonium 
bisulphate).  This  suggests  that  these  materials  are  a  major  constituent  of 
the  submicron  fraction  of  maritime  aerosols.  ,  Range  0  particles  are 
largely  unaffected  by  heating.  A  similar  plot  Is  shown  In  Fig.9  for  the 
earlier  time  period,  averaged  over  a  150  minute  period  comprising  three 
temperature  cycles.  There  is  favourable  agreement  between  the  field 
measurements  and  laboratory  data  using  a  poljdispersion  of  ammonium 
sulphate  particles. 
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cycling  period.  Results  of  the  comparisons  are  given  in  Table  1. 

Average  losses  of  12. IT,  14.0/,,  1 9.61  and  62 .3%  occur  in  ranges  3,  2,  1  and 
0  for  particles  passing  through  the  N'.O.  solenoid  valve  as  compared  to  a 
direct  flow  to  the  particle  counter.  This  is  thought  to  be  mainly  due  to 

(a)  a  much  smaller  diameter  sampling  line  in  the  valve  itself; 

(b)  the  presence  of  a  sharp  L  shaped  bend  characteristic  of  the  normally 
closed  valve. 

A  comparison  of  particle  concentration  was  also  made  for  close  to 
identical  sampling  line  volumes  with  one  line  being  a  straight  through  line 
to  the  ASASP-X  whilst  the  other  line  was  passed  through  the  normally  closed 
(N.C.)  solenoid  valve.  Results  of  the  comparison  are  shown  in  Table  2. 
Average  losses  of  4.5%,  4.6%,  6.15%  and  18%  occur  in  ranges  3,  2  1  and  0 
for  particles  passing  through  the  normally  closed  valve.  The  losses  are 
less  severe  for  the  N.C.  valve  since  It  has  a  straight  through  sampling 
line. 


Temperature  Probe  Tests 

Initial  field  measurements  were  carried  out  at  an  upper  temperature  of 
300°C.  For  later  field  tests  (see  Table  3),  the  temperature  control 
nodule  was  modified  to  extend  the  temperature  range  to  400°  (maximum 
readability  for  Copper-Constantan  thermocouples). 

It  was  found  that  the  presence  of  the  Copper-Constantan  thermocouple 
inside  the  fused  quartz  tube  reduced  particle  concentration.  Therefore  it 
was  decided  to  place  the  thermocouple  probe  on  the  outside  of  the  quartz 
tube.  Comparative  temperature  measurements  were  made  for  thermocouple 
probes  placed  at  the  "hot-spot"  both  inside  and  outside  the  quartz  tube 
for  the  upleg  and  downleg  heating  cycles.  This  allowed  the  Inference  of 
the  inside  temperature  as  a  function  of  the  outside  temperature  through  a 
fifth  order  polynomial  fit  as  shown  In  Fig.2.  A  plot  of  the  outer 
thermocouple  reading  (proportional  to  a  millivolt  reading)  versus 
temperature  is  shown  in  Fig.3  and  Fig.4  for  the  outer  and  inner 
thermocouple  probe  locations. 


Field  Measurement  Tests 

A  catalogue  of  the  dates  of  the  various  field  measurement  tests  Is  shown  in 
Table  3.  The  most  recent  field  data  of  April  19  -  22,  1988  is  yet  to  be 
analysed.  A  preliminary  analysis  of  the  earlier  data  has  been  made. 
However  It  was  decided  to  perform  a  rigorous  analysis  first  on  the  March  10 
-  12  data  since  it  represents  the  first  continuous  data  set  without  the  use 
of  the  solenoid  valves.  The  thermocouple  probe  was  also  placed  on  the 
outside  of  the  heated  tube  for  this  data  set. 
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Comparison  of  Particle  Concentrat ion  for  Particles  passing  (i)  direct  to  the  ASASP-X  and 
(ii)  via  a  normallyopen  (N.O.)  solenoid  valve  to  the  ASASP-X 
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Comparison  of  Particle  Concentration  for  Particles  passing  (i>  direct  to  the  ASA5P-X  and 
(ii)  via  a  normally  closed  (N.C.)  solenoid  valve  to  the  A5ASP-X 
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A  plot  of  the  inner  thermocouple  analogue  reading 
as  a  function  of  temperature. 


Table  3  . 

Date 

December  10  -  11,  1987 

December  16  -  17,  1987 
January  13  -  15,  1988 
March  10  -  12,  1988 


1 


( 

i 


1 

i 

Field  Measurement  Test  at  v!ace  Head 


Prevaling  Wind 
Direction 


Easterly 


Southerly 


Comments 

Temperature  at  300°C 
solenoid  valves  in  operation 
2  s  data  throughout 

Some  measurements  bypassing 
solenoid  valves  were  made 


South-westerly- 

westerly 


Temperature  at  both  300°C 
and  400°C 


Westerly  4  s  data,  temperature  at 

400°C;  no  solenoid 
valves  in  use.  Temperature 
probe  on  outside  of  heater  tube. 


April  19-22,  1988 


Southeasterly  to 
southwesterly 


No  solenoid  valves  in  use, 
all  400°C  data. 


volatility  of  aerosols  in  the  western  European  environment 


The  aerosol  volatility  apparatus  was  transferred  to  University  College 
Galway  on  the  basis  of  Government  Furnished  Equipment  and  was  set  up  at  one 
of  the  Atmospheric  Sciences  Research  Group  Labortories  in  late  October 
1987.  Dr.  RjJ.  Pinnick  from  the  Atmospheric  Sciences  Laboratory,  at  White 
Sand3,  New  Mexico,  visited  in  late  October  1987  and  gave  Initial  assistance 
in  setting  up  the  volatility  apparatus.  The  apparatus  was  successfully 
set  up  over  the  month  of  November  1987.  The  Particle  Measuring  Systems, 
(PMS)  Active  Scattering  Probe  -  ASASP-X  (ASASP-X)  probe  was  realigned  and 
also  calibrated  for  size  response.  In  addition,  the  thermocouple  probes 
were  calibrated  at  fixed  temperature  reference  points. 


Preliminary  Experimental  Tests 

Earlier  field  measurement  discrepancies  (R.G.  Pinnick,  private 
communication)  between  particle  number  concentration  at  overlapping  size 
ranges  between  the  two  PMS  probes  :  ASASP-X  and  the  Classical  Scattering 
Aerosol  Spectrometer  Probe  (CSASP)  was  thought  to  be  due  to  slightly 
different  inlet  temperature  values  for  the  two  probes.  The  inlet 
temperature  for  the  heater  probe  assembly  of  the  ASASP-X  when  cooled  to  its 
lowest  equilibrium  values  was  some  degrees  higher  than  the  ambient 
temperature.  This  probably  caused  evaporation  of  hygroscopic  particles 
present,  resulting  in  a  reduction  of  particle  number  concentration  compared 
to  CSASP  readings.  Therefore  it  was  decided  to  introduce  ambient  air 
directly  to  the  ASASP-X  through  bypassing  the  heater  intake  tube  section 
over  the  final  time  period  (of  order  5-7  minutes)  of  the  heating/ cooling 
cycle  of  the  volatility  apparatus.  A  schematic  diagram  of  the  apparatus 
used  to  achieve  this  is  shown  in  Flg.l. 

Air  containing  particles  is  drawn  through  a  fused-quartz  tube  which 
has  a  nichrome  ribbon  wrapped  tightly  around  it.  The  aerosol  and  air 
within  the  tube  are  heated  to  a  selected  temperature.  A  fraction  of  the 
particles  evaporate  and  the  remaining  unevaporated  particles  or  partially 
evaporated  residue  particles  then  pass  through  a  normally  open  (N.O.) 
solenoid  valve.  The  air  is  drawn  through  at  a  flow-rate  of  5.72  car  s 
by  means  of  a  diaphragm  pump  in  order  to  reproduce  laboratory  calibration 
flow  conditions.  The  air  flow  was  rendered  smooth  by  placing  a  large 
volume  buffer  filter  in  the  pump  aspiration  line.  Particles  In  the  line 
were  drawn  to  the  Inlet  of  the  ASASP-X  at  a  calibrated  flow  of  1  cm  s 
by  means  of  the  ASASP-X  aspiration  fan.  The  inter-connection  tubing  length 
which  had  about  the  same  Internal  diameter  as  the  quartz  tubing  was  kept  to 
a  minimum,  in  order  to  minimize  large  particle  losses  due  to  sedimentation 
and  wall  losses.  A  normally  closed  (N.C.)  valve  was  connected  to  the 
sampling  tubing  as  shown.  This  valve  was  actuated  towards  the  end  of  the 
heater  cycle  in  order  to  allow  ambient  air  to  be  sampled  by  the  ASASP-X. 

The  N.O.  valve  is  actuated  at  the  same  time  as  is  the  N.C.  valve  which 
ensures  that  no  ambient  air  passing  through  the  heater  section  is  sampled 
at  that  time. 

Comparisons  were  made  both  In  the  field  (at  Mace  Head  Atmospheric 
Research  Station)  and  in  the  laboratory  for  aerosol  laden  air  traversing 
the  heater  tube,  passing  through  the  N.O.  valve  and  then  to  the  ASASP-X  and 
ambient  air  being  directly  sampled  by  the  ASASP-X.  Preliminary  checks 
were  made  to  ensure  that  the  solenoids  were  not  leaking.  Equal  volumes  of 
air  were  used  for  the  two  sampling  lines  by  introducing  a  length  of  tubing 
In  the  direct  path  line  to  the  ASASP-X.  Laboratory  generated  ammonium 
sulphate  polydispersion  of  particles  was  used  as  the  test  aerosol. 

Particle  concentration  was  recorded  at  10  s  intervals  over  a  2  minute 


aerosol  pa 
i  10th  and 


AEROSOL  TEMPERATURE 


Conclusions 


The  analysis  of  field  roeaure meats  of  maritiiae  aerosol  to  data  suggests 
that  a  major  constituent  of  the  submicron  fraction  of  the  aerosol  is 
ammonium  sulphate.  The  next  goal  is  to  extend  the  temperature  range  of 
the  volatility  apparatus  in  order  to  determine  the  volatility  of  the 
supermicron  fraction  of  the  maritime  aerosol. 
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